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Purpose: This study investigated the additive effect of photody- 
namic therapy (PDT) plus traditional radiotherapy (RT) for pa- 
tients with breast cancer and chest wall recurrence. Methods: A 
total of 40 patients with recurrent breast cancer were prospec- 
tively randomized to receive RT alone (group A, n = 20) or PDT 
and RT in combination (group B, n = 20). Traditional RT at a dose 
of 50 Gy was delivered in 25 fractions with or without exposure 
to 5-aminolevulinic acid and red light as PDT. Results: The re- 
sponse rates were not statistically different between the groups, 
but more patients achieved a complete response (CR) in group 



B (50%) than in group A (20%). The median time to CR in group 
B was significantly shorter than that in group A (1 09.6 days vs. 
175.2 days, p= 0.001). Adverse event profiles were not different 
between the groups. Conclusion: An additive antitumor effect is 
demonstrated with additional PDT to RT. This combination ther- 
apy might reduce the duration of exposure to RT, but further in- 
vestigation is warranted. 
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INTRODUCTION 

Breast cancer is the most common malignancy among 
women. The incidence of breast cancer is high in many coun- 
tries and other regions, and this malignancy is among the ma- 
jor causes of death. The local relapse rate of breast cancer is 
approximately 5% to 45% after surgery [1-3], primarily be- 
cause of residual tumor infiltration to the skin, subcutaneous 
nodules, and rarely the chest wall. Tumor size, the histological 
tumor grade, the extent of lymph node involvement, and vas- 
cular invasion are strongly associated with chest wall recur- 
rence. Although local recurrence after breast- conserving sur- 
gery can be treated via mastectomy, this recurrence might in- 
dicate a risk of distant metastasis, which is more difficult to 
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treat [4] . There are several treatment options for chest wall re- 
currence. Surgical resection is the preferred treatment with a 
better prognosis for node-negative patients who experienced 
local recurrence 1 year after mastectomy [5], but it is not ap- 
plicable for patients who require full thickness chest wall re- 
section or have a poor skin condition. Therefore, surgical re- 
section is only applicable for a small number of patients [6], 
and postoperative radiotherapy (RT) or other systemic treat- 
ment is required to prevent distant metastasis. Other treat- 
ment options such as radiation therapy, chemotherapy, and 
electrochemical therapy can be considered when surgery is 
not applicable. However, patients who received prior radio- 
therapy will not be amenable to further RT. In addition, inop- 
erable progressive skin lesions of breast cancer can be treated 
with miltefosine solution. A phase III randomized, controlled 
clinical trial demonstrated a response rate of 33.3% with milt- 
efosine compared with 3.7% in the placebo, whereas grade 3 
or 4 cutaneous reactions were observed in 33.4% of miltefos- 
ine-treated patients versus 7.4% for the placebo group [7] . 

Light has been considered a therapeutic agent for thousands 
of years [8,9]. The combination of light and certain chemicals 
can promote apoptosis. The use of hematoporphyrin deriva- 
tives for the treatment of breast cancer with chest wall recur- 
rence was first discovered in 1966 [10,11]. The development 
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of photodynamic therapy (PDT) succeeded in basic scientific 
studies [f2-f4], and clinical research was conducted [13]. The 
therapeutic advantages of PDT are its abilities to target breast 
tumors and minimize damage to other normal tissues. It also 
has synergistic anticancer effects with chemotherapy. The 
photodynamic reaction requires a photosensitizer, light, and 
oxygen. A series of photochemical and photobiological reac- 
tions can result in the death of cancer cells. The sensitizer 
molecule absorbs light and then emits fluorescence after exci- 
tation, during which the energy released produces singlet oxy- 
gen [15]; the therapeutic effect of PDT is influenced by the 
type of photosensitizer, lighting conditions, tissue metabolism, 
and cell types [16]. 

The anticancer effects of PDT include direct killing of can- 
cer cells and indirect induction of apoptosis and immune re- 
sponses against the tumor. In this study, we investigated the 
efficacy and safety of PDT in combination with traditional RT 
for the treatment of breast cancer. 

METHODS 

The study was conducted at the Tianjin Medical University 
Cancer Institute and Hospital between April 2010 and Sep- 
tember 20 1 1 . The study was approved by the local ethics com- 
mittee (Tianjin Cancer Hospital Medical Ethics Committee; 
approval number, Ebc200910). The inclusion criteria were as 
follows: all patients must have undergone radical mastectomy 
and completed adjuvant chemotherapy and/or endocrine 
therapy or RT before a histological diagnosis of the local re- 
currence of invasive ductal carcinoma. In addition, the longest 
diameter of the invasive lesion at the recurrent site must be < 6 
cm. The exclusion criteria included bilateral breast cancer and/ 
or distant metastases. Patients with photosensitivity diseases 
were also excluded. Eligible patients were equally randomized 
prospectively into two groups. Group A patients received chest 
wall RT only, and group B patients received the combination 
of PDT and chest wall RT (PDT-RT). The therapeutic out- 
comes were stratified according to the presence of oozing 
scabs. PDT was administered as an intravenous infusion of 



5 -aminolevulinic acid at a dose of 4 mg/kg. Forty-eight hours 
later, red light (wavelength, 632.8 nm) at a median dose (288 J/ 
cm 2 ) of 100 mW was administered each time before RT. RT 
included 6-MeV energy electron beam irradiation with a dose 
of 50 Gy (25 fractions) delivered to the full chest wall and ipsi- 
lateral supraclavicular fossa according to institutional practice 
(Figure 1). In patients in group B, chest wall RT was adminis- 
tered 1 day after PDT. Efficacy and safety assessments includ- 
ed vital signs, physical examinations, tumor size, morphologi- 
cal changes of the lesion, and adverse events. All patients were 
assessed daily during the week of PDT and followed up once 
every month after the completion of treatment for a total of 6 
months. Follow-up consisted of digital photography and a 
physical examination for every patient. The primary and sec- 
ondary endpoints of this study were the objective response 
rate and adverse events, respectively. Complete response was 
defined as the disappearance of palpable, radiographical, and/ 
or visually apparent tumors. Partial response was defined as a 
> 50% decrease in the sum of the products of the perpendicu- 
lar diameters of the measurable lesions. Stable disease was de- 
fined as a < 50% decrease or < 25% increase in the products of 
the perpendicular diameters of the measurable lesions. Dis- 
ease progression was defined as a > 25% increase in any mea- 
surable lesion or the appearance of a new lesion. The study 
endpoints were compared between the groups using SPSS ver- 
sion 17.0 for Windows (SPSS Inc., Chicago, USA). The chi- 
square test was used to compare categorical variables between 
the groups. All statistical tests were two-sided, and p-values 
< 0.05 were considered statistically significant. 

RESULTS 

Patient characteristics 

A total of 40 patients with histologically confirmed chest 
wall recurrence were equally randomized into groups A 
(n = 20) and B (n = 20). More than 70% of the patients were 
aged 35 to 65 years. All patients underwent efficacy and safety 
evaluations in this study. The baseline characteristics of the 
patients are listed in Table 1. No significant difference in base- 



Locally recurrent breast cancer 
■ All patients must have received radical 
mastectomy and completed adjuvant 
chemotherapy and/or endocrine therapy or 
radiotherapy before histological diagnosis of the 
local recurrence of invasive ductal carcinoma. 




Group A 
Chest wall radiation therapy 



Group B 
Chest wall radiation therapy+ 
photodynamic therapy 



Figure 1 . Study schema. 
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line characteristics was observed between the groups. 

Treatment efficacy 

Overall response rates were not significantly different be- 
tween the groups (Table 2), but the complete response rate was 

Table 1 . Baseline characteristics of patients (n=40) 



Characteristic 


Group A, RT 
No. (%) 


Group B, PDT+RT 
No. (%) 


p-value 


Age (yr) 








<35 


3(15) 


5(25) 


NS 


35-65 


15(75) 


14(70) 




>65 


2(10) 


1(5) 




Clinical T classification 








T1 


1(5) 


0 


NS 


T2 


9(45) 


8(40) 




T3/T4 


10(50) 


12(60) 




Clinical N classification 








NO 


3(15) 


6(30) 


NS 


N1 


11 (55) 


10(50) 




N2 


5(25) 


4(20) 




N3 


1(5) 


0 




Estrogen receptor 








Positive 


14(70) 


15(75) 


NS 


Negative 


6(30) 


5(25) 




Progesterone receptor 








Positive 


18(90) 


15(75) 


NS 


Negative 


2(10) 


5(25) 




HER2 








Positive 


5(25) 


3(15) 


NS 


Negative 


15(75) 


17(85) 




Chemotherapy regimen 








Nonanthracycline 


9(45) 


7(35) 


NS 


Anthracycline 


11 (55) 


13(65) 




Size of lesions (cm) 








<1.0 


73 (65.2) 


82 (69.5) 


NS 


>1, <3.0 


26 (23.2) 


24 (20.3) 




>3.0 


13(11.6) 


12(10.2) 




Oozing scabs 








Yes 


8(40) 


6(30) 


NS 


No 


12(60) 


14(70) 




Ulceration 








Yes 


10(50) 


7(35) 


NS 


No 


10(50) 


13(65) 





RT= traditional radiotherapy; PDT= photodynamic therapy; HER2 = human 
epidermal growth factor receptor 2. 



higher in group B (50%) than in group A (20%) (p= 0.047). 
The median time to complete response in group B was signifi- 
cantly shorter than that in group A (109.6 days vs. 175.2 days, 
p = 0.00 1) . Among patients in group B, all patients with lesions 
< 1.0 cm in diameter responded to the treatment, whereas the 
response rate decreased with increasing lesion size (p<0.001). 
Similarly the response rate also decreased with increasing le- 
sion size in group A (p<0.001) (Figure 2). Further stratified 
analysis of response rates according to the presence of oozing 
scabs was performed in each group. The response rate was not 
associated with the presence of oozing scabs in group A (p = 
0.144), but the absence of oozing scabs was associated with a 
higher response rate in group B (p = 0.037) (Table 3). At a me- 
dian follow-up of 6 months after treatment, 14 (70%) and 16 
(80%) patients in groups A and B, respectively, did not experi- 
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Group B, PDT-RT 
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1.0-2.9 
Size of lesion (cm) 



>3 



Figure 2. Comparisons of response rates between groups according to 
the size of lesion. 

PDT= photodynamic therapy; RT=traditional radiotherapy. 
Table 2. Comparisons of response rates between groups 





CR 


PR 


SD 


PD 


p-value 




No. (%) 


No. (%) 


No. (%) 


No. (%) 


Group A, RT 


4(20) 


6(30) 


6(30) 


4(20) 


0.203 


Group B, PDT+RT 


10(50) 


4(20) 


5(25) 


1(5) 





CR= clinical response; PR = partial response; SD= stable disease; PD=di 
progression; RT= traditional radiotherapy; PDT= photodynamic therapy. 



Table 3. Association between treatment responses and the presence of oozing scabs 







Group A (RT) 






Group B (PDT+RT) 




Response 


Without oozing scabs 
No. (%) 


With oozing scabs 
No. (%) 


p-value 


Without oozing scabs 
No. (%) 


With oozing scabs 
No. (%) 


p-value 


CR/PR 

SD 

PD 


8(67) 
3(25) 
1 (8) 


2(25) 
3 (37.5) 
3 (37.5) 


0.144 


12(85) 
2(15) 
0 


2(33) 
3(50) 
1(17) 


0.037 



RT=traditional radiotherapy; PDT= photodynamic therapy; CR=clinical response; PR=partial response; SD=stable disease; PD=disease progression. 
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Table 4. Most commonly reported grade 1 or 2 adverse events 





Group A 


Group B 




Adverse events 


(RT, n = 20) 


(PDT+RT, n = 20) 


p-value 




No. (%) 


No. (%) 




Pain 


14(70) 


18(90) 


0.235 


Swelling 


15(75) 


16(80) 


NS 


Dry peeling skin 


11 (55) 


13(65) 


0.748 


Moist desquamation 


2(10) 


2(10) 


NS 


Radiation ulcer 


1(5) 


2(10) 


NS 


Radiation pneumonitis 


1(5) 


1(5) 


NS 



RT= traditional radiotherapy; PDT=photodynamic therapy. 



ence a second episode of chest wall recurrence (p = 0.47). Sys- 
temic progression was also not observed in 17 (85%) and 18 
(90%) patients in groups A and B, respectively. 

Safety 

No treatment-emergent death was observed in this study. 
One patient in group A experienced severe chest pain, and the 
condition improved with analgesics. One patient in group B 
experienced severe skin toxicity and the condition improved 
with appropriate treatment during hospitalization. No other 
severe adverse event was observed A total of five patients re- 
quired dose modification in group B, versus no patients in 
group A. No significant difference was observed for the inci- 
dence of other mild or moderate adverse events between the 
groups (Table 4). 

DISCUSSION 

It is well noted that approximately 5% to 45% of patients 
with breast cancer experience local recurrence [1-3] after sur- 
gery and many of them have distant metastases. Adjuvant RT 
is an important disease management strategy to reduce the 
risk of relapse and further distant spread of disease. However, 
several safely issues are associated with RT, such as nausea, 
vomiting, other systemic symptoms, redness, itching and skin 
peeling, and the emergence of a new tumor rarely. PDT is an- 
other noninvasive treatment that selectively targets cancer 
cells, with little damage to normal cells. The common adverse 
reactions associated with PDT include skin hypersensitivity to 
light, and only a small number of patients experience dyspnea, 
dysphagia, or reactive edema. PDT is an alternative treatment 
option for patients with advanced breast cancer who are un- 
suitable or not amenable to conventional treatment. 

In this study, only patients with chest wall recurrence were 
randomized to compare the treatment outcomes between RT 
and PDT-RT. Despite the insignificant difference in efficacy 
between the two treatment modalities, more patients treated 
with PDT-RT achieved a CR within a shorter period than 

http://ejbc.kr 



those treated with RT alone. Nuclear DNA is the main target 
for ionizing radiation-induced cytotoxicity PDT causes sever- 
al types of DNA lesions by generating singlet oxygen. There 
may be potential synergistic interactions between PDT and 
RT [17]. It remains unclear whether PDT and RT interact 
synergistically or additively. It has been demonstrated that re- 
gardless of the sequence of application, the action of PDT and 
RT was usually additive [18]. Prinsze et al. [19] found that 
these treatments had synergistic effects in L929 fibroblasts, 
whereas their effects were additive in Chinese hamster ovary 
and T24 cells. In another study, the researchers believed only 
simultaneous PDT and RT treatment resulted in a synergic 
interaction [20] . The study indicated that approximately half 
of the damage caused by RT was repaired within 5 minutes, 
and the remainder was repaired within 30 minutes [21]. This 
may explain why only simultaneous PDT and RT treatment 
displayed a synergic interaction, as time intervals < 1 minute 
are important for the "fast reparation system" to work effec- 
tively. In our study, we treated the patients with PDT followed 
by RT. The results illustrated that more patients treated with 
PDT-RT achieved a CR within a shorter period than those 
treated with RT alone. Further investigation is required to de- 
termine whether the treatments interact synergistically or ad- 
ditively. Nevertheless, a shorter time to response may offer a 
better quality of life to patients. Considering the small number 
of patients accrued in this study, further investigation on the 
treatment benefit with a larger sample size is required. 

The treatment efficacy of PDT depends on the cellular up- 
take of the photosensitizer. As the concentration gradient of 
the photosensitizer increases between tumors and surround- 
ing normal cells that remove the photosensitizer as time pass- 
es, more cancer cells will be killed. The treatment effect is also 
associated with the wavelength of the light used for PDT. In 
our study, light with a wavelength of 630 nm and a skin pene- 
tration depth of 0.5 to 1.0 cm was selected [22]. The PDT-RT 
treatment effect was obvious for lesions < 1 cm in diameter 
and noticeable for lesions > 1 cm in diameter. Some studies 
demonstrated that PDT could damage micro-blood vessels 
[23,24] and result in tissue hypoxia [25] , hindering tumor 
growth. In addition, some studies found that PDT could in- 
duce lymphocyte, leukocyte, and macrophage infiltration, in- 
dicating activation of the immune response [26,27] . de Vr ee et 
al. [28] discovered that PDT could promote neutrophil aggre- 
gation and that it could inhibit tumor growth in a mouse 
model, and Korbelik et al. [29] observed a higher, albeit with- 
out significance, cure rate in the PDT-treated tumors of SCID 
mice reconstituted with BALB/c bone marrow. These findings 
demonstrated a possible relationship between the efficacy of 
PDT and the immune response, and they are consistent with 
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our study results. 

Further stratified analysis according to the chest wall condi- 
tion demonstrated that the presence of oozing scabs did not 
influence treatment outcomes; however, among patients who 
received PDT-RT, patients without oozing scabs were more 
likely to respond to the therapy than those with oozing scabs. 
It might be possible that the presence of oozing scabs could 
affect the treatment outcome because these scabs could influ- 
ence the amount of light penetrating the skin to reach the tar- 
get lesions. PDT consists of three essential components: a 
photosensitizer, light, and oxygen. The effect of PDT is limited 
in a hypoxic environment, whereas oozing itself appears to re- 
flect serious conditions such as tissue necrotization and hy- 
poxia. The presence of oozing scabs might be a predictive fac- 
tor of treatment outcome, and the removal of oozing scabs 
might improve the therapeutic outcome of PDT. 

The major toxicity of PDT was skin sensitivity to light, 
which occurred in approximately 20% of patients [30] . Other 
RT- associated side effects included nausea, vomiting, other 
systemic symptoms, exposure site redness, and itching and 
skin peeling. No significant difference in toxicity profiles was 
noted between the treatment modalities, and the combination 
treatment can be considered safe. 
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